Adults of cupreous polished chafer Protaetia pryeri pryeri (Janson) (Coleoptera: Scarabaeidae) were attracted by and landed on cotton balls treated with commercially available pet deodorant spray or a topical antipruritic for human skin. When volatiles from the spray and antipruritic were extracted by solid phase microextraction (SPME) and analyzed by GC-MS, camphor was found as a common compound. This compound was not detected in the volatiles of two other commercially available deodorant sprays, neither of which attracted chafers. In the field, P. p. pryeri were attracted to cotton balls treated with 63 mg to 4 mg (1R)-camphor but not to untreated balls. This demonstrated that (1R)-camphor is an attractant for P. p. pryeri. The adaptive significance of the response to camphor by P. p. pryeri is discussed.
INTRODUCTION
The cupreous polished chafer Protaetia pryeri is distributed in the southwestern islands of Japan and is divided into six subspecies. P. p. pryeri (Janson) occurs on Okinoerabu Island, Yoron Island and the Okinawa Islands (Sakai and Fujioka, 2007) . Adults emerge from the ground from May to October and feed on the mature fruits of Japanese sea fig tree, Ficus superba Miq. var. japonica Miq. ("akou" in Japanese) and the Malayan banyan, Ficus micromorpha L.f. ("gajumaru" in Japanese) (Sakai and Fujioka, 2007) , or the sap of citrus trees (Hori, 1987) . Adults of this species are important pests of tropical fruits, such as papaya (Carica papaya L.), guava (Psidium guajava L.) and wax apple (Syzygium samarangense Merr. & Perry). Adults feed on mature fruit and lower their commercial value. Development of an attractant lure is therefore required to monitor and control this pest.
The first author obtained valuable information on a potential substance for attracting chafers of P. p. pryeri (subspecies not identified) by chance from a visitor who attended a trade exhibition held in Naha, Okinawa, in 2002. The visitor said that a commercial deodorant spray for pets attracted several P. p. pryeri chafers. When he sprayed this deodorant on his dog, several cupreous polished chafers swarmed onto it. Unfortunately, the visitor could not remember the trade name of the spray, so we obtained eight commercially available products and preliminarily tested their attractiveness in the field in 2003. Cotton ball treated with one of these deodorant sprays clearly attracted several P. p. pryer chafers. The second author found the attraction of P. p. pryeri to the insect repellant "Una Kowa Musiyoke spray-S" (Kowa Co., Ltd., Tokyo) in a field in Oo-jima, Yaese-cho in 1998. When he sprayed this repellant on his clothing to prevent mosquito bites, several P. p. pryeri chafers swarmed around him. The first author obtained a different topical antipruritic to treat human skin after insect bites, "Una Kowa Musisasare" (Kowa Co., Ltd.). The repellent and antipruritic are used for different purposes but are manufactured by the same company. In the preliminary test, P. p. pryeri chafers were attracted to both of these medical products.
In this paper, we describe the identification of the active compound(s) in the commercially available deodorant spray for pet animals and the topical antipruritic to which P. p. pryeri was attracted. We identified this chemical as camphor, a wellknown insect repellent, and discuss its significant attractiveness for both sexes of P. p. pryeri in the field, as well as the possible overall significance of this response.
MATERIALS AND METHODS
Deodorant sprays and antipruritic liquid. Deodorant sprays for pet mammals and topical antipruritic for human skin after insect bites were purchased from drug stores. The deodorant sprays were "Kao Pettokea Seiketu Spray" (KP: Kao Co., Ltd., Tokyo), "Puro-no-syosyuzai" (PS: Hitachi Chemical Industries Co., Ltd., Hitachiota, Ibaraki) and "Inu-no-syosyuzai" (IS: Yamahisa Co. Ltd., Osaka). The topical antipruritic was "Sin Una Kowa Cool Liquid" (SU: Kowa Co., Ltd.).
Chemicals. (1R)-Camphor [(1R,4R)-1,7,7-trimethylbicyclo[2.2.1]-heptan-2-one, (ϩ)-camphor] was purchased from Tokyo Kasei Kogyo Co., Ltd., Tokyo. It was used without further purification, since GC analysis of the lot showed a single peak that indicated more than 99.5% purity.
Solid phase microextraction (SPME). To sample the volatile from the deodorant or the antipruritic, an SPME fiber chemically bonded with Carboxen TM (Type black: Polydimethylsiloxane, Supelco Ltd., Bellefonte, PA, USA) was used after exposure to a helium stream at 280°C for more than 10 min in a GC injection port. Each ca. 1 ml deodorant or antipruritic was poured into an 8-ml glass vial (15 mm diam.ϫ6 cm ht.) and immediately covered with a sheet of aluminum foil. The SPME needle was inserted through the aluminum foil into the vial and then the fiber was exposed to the vapor for 20 min to sample volatiles evaporated from the liquids. Sampling was conducted in the laboratory at 26°C.
Gas chromatography-mass spectrometry (GC-MS). GC-MS analyses were conducted with an HP6890 gas chromatograph interfaced to a JEOL JMS SX-102A mass spectrometer (EI mode, 70 eV). An INNOWAX column (30 mϫ0.25 mm I.D.ϫ0.25 mm film thickness; Agilent) was operated at a constant flow of helium at 45 cm/s (initial column head pressure: 87 kPa). The oven temperature program was 50°C for 5 min and at 5°C/min to 200°C. The final temperature was then held for 5 min. Injection was made by inserting an SPME needle and immediately exposing the fiber at 220°C for 1 min in a sleeve for SPME injection (0.75 mm ID, Supelco Ltd.). The GC injection port was kept in splitless mode during the exposure interval.
Lures. A wad of absorbent cotton was tied with plastic-coated steel wire to cotton balls (ca. 1.5 cm in diam.). Each 1 ml deodorant or antipruritic was impregnated into the cotton balls with a Pasteur pipette. (1R)-Camphor was dissolved in methanol (purity: Ͼ99.7%, Kanto Chem. Co. Inc., Tokyo) and diluted with the same solvent to prepare a series of solutions with 0.063 mg/ml to 4.0 mg/ml concentration levels. Each 1 ml solution was impregnated into the cotton balls with a Pasteur pipette. The solvent completely evaporated within 15 min. Cotton balls containing (1R)-camphor were hung with steel wire at test sites. Equal volumes of solvent were applied to cotton balls in the same manner as field controls.
Field attraction. Field experiments were conducted on a fig tree F. s. japonica growing in a corner of pavement at Kinjyo Dam, Naha, Okinawa, Japan. Cotton balls impregnated with each ca. 1 ml deodorant or antipruritic were attached to twigs of trees at ca. 0.5 m intervals and 1.2 to 2.0 m above the ground with the aid of a stepladder, from 10:00 to 13:00 in August 2006. Experiments were replicated three times and repeated twice, resulting in six replications. The wires were coated with plastic (5 mm width) so the chafers could walk on them. The wires were 15 cm long and used to attach lures to twigs.
To examine the response of the chafers to (1R)-camphor, each cotton-ball lure was impregnated with 1 ml (1R)-camphor solution 15 min before being attached to a plant. Field experiments were conducted in the same place and on the same tree, as described above, in July 2008. The lures were placed on tree twigs at heights of 1.2 to 2.0 m with the aid of a stepladder. In both years, P. p. pryeri chafers gathered to feed on the ripe fruits of the climbing tree. The chafers landing on the lure or within 30 cm from the lure were counted and scores were given: 3, 2 and 1 for landing on the lure, within 10 cm and 30 cm, respectively. Chafers that landed on the lures were collected to determine their sex by dissection.
Score data were transformed to (Xϩ0.5) 1/2 and submitted to 2-way-layout ANOVA where zero data (meanϭ0) were omitted. The means were ranked by Tukey's method when ANOVA was significant at the 5% level. Means accompanied by the same letter were not significantly different, and the same letter was given to zero data when the confidential range of the mean contained zero [(0ϩ 0.5) 1/2 ].
RESULTS

Chafer responses to deodorant spray and topical antipruritic
The means of total counts of chafers on cotton balls treated with three deodorant sprays and the antipuritic are presented in Fig. 1 . Chafers were observed to land on or around cotton balls treated with the deodorant KP and the antipruritic SU, but not on cotton balls treated with the deodorant PS or IS. Slightly more chafers were attracted to the cotton balls treated with SU than with KP but the difference was not significant.
SPME sampling and GC-MS analyses
SPME sampling and subsequent GC-MS analyses of the deodorant or antipruritic detected camphor as a commonly contained compound in the topical antipruritic SU and pet deodorant KP, both of which attracted P. p. pryeri chafers. In contrast, this compound was not detected in the other pet deodorants (PS and IS) with no chafer attractiveness. According to the ingredient list for the product by Kowa Co., Ltd., SU liquid contained 20% dl-camphor (racemic mixture).
Response of chafer to (1R)-camphor
When cotton balls impregnated with 63 mg to 4 mg (1R)-camphor were placed on the twigs of a fig tree on 23 and 30 July 2008, P. p. pryeri chafers were observed to orient directly toward the cotton balls from the leeward side and successfully land on the balls. Insects that landed around the lure were also observed. No insects landed on the control (Figs. 2 and 3) . The score of the attracted chafers increased as the dose of (1R)-camphor treated with less than 25 mg increased, but then decreased as the doses exceeded 1 mg. This indicates that the optimum dose for chafer attraction was around 0.5 mg when applied to a cotton ball.
All chafers attracted to cotton balls flew from other locations, but the chafers feeding on fruit of the same fig tree did not respond. Chafers were observed to land on the cotton balls in two ways (Fig.  2) . Some flew directly and landed on cotton balls and the others landed on twigs within 30 cm of the balls, and then walked to them. Chafers that landed 
Sex ratio
The sex ratio of adults attracted to the cotton balls containing camphor was biased toward females (72%) as compared with those found on the fig tree (45%). This difference was marginally significant by the chi-square test (Table 1 ; pϭ0.053).
DISCUSSION
P. p. pryeri chafers were observed to be attracted to and land on cotton balls treated with deodorant spray KP and medical product SU, but not on cotton balls treated with PS or IS sprays (Fig. 1) . Comparative GC-MS analyses of volatiles by SPME sampling found camphor as a common compound in the attractive materials UK and KP but not in the inactive sprays PS and IS. This suggested that camphor is an attractive compound for the chafer. Camphor is a chiral compound so that two enantiomers are possible, (1R) and (1S). The camphor contained in the SU is, however, dl-camphor, i.e. a racemic mixture (according to Kowa Co., Ltd.). This is also probably so in the deodorant KP, although no such information is presented on its contents by the manufacturer. In field experiments, however, we conducted attraction tests with only (1R)-camphor because it is dominant in natural products from plants (Donkin, 1999) . P. p. pryeri chafers were attracted to cotton balls impregnated with (1R)-camphor, while no P. p. pryeri chafers were attracted with a control lure (Fig. 2) . This confirmed that the chafer was attracted to (1R)-camphor from a long distance. It remains to be examined if (1S)-or both enantiomers might also be attractive.
Why were chafers attracted to (1R)-camphor? One hypothesis is that (1R)-camphor functioned as a sex attractant pheromone. The main examples of long-distance calling with pheromones are female moths that attract males only. In scarab beetles, both female and male Holotrichia loochooana loochooana (Sawada) were attracted by the female pheromone anthranilic acid in the field (Arakaki et al., 2003) . In P. p. pryeri, both sexes were attracted to (1R)-camphor, particularly females (72.4%) ( Table 1 ). In scarab beetles [e.g. H. l. loochooana and Dasylepida ishigakiensis (Niijima et Kinoshita)], males landed on cotton balls impregnated with the sex pheromone substance, and elongation behavior of the abdomen downward to ex-624 N. ARAKAKI et al. trude the copulatory organ as a probe for the partner was commonly observed (Arakaki et al., 2003 (Arakaki et al., , 2004 ; however, this behavior was not observed in P. p. pryeri, and chafers that landed on cotton balls left within a few minutes. This does not support the hypothesis that camphor functions as a sex attractant pheromone.
A second hypothesis is that (1R)-camphor functions as a plant kairomone for insects to locate their preferred food. In GC-MS analysis of the experiment host, mature and immature fruits of the climbing tree F. s. japonica, camphor was not detected (data not shown); however, this hypothesis can not simply be discarded because P. p. pryeri chafers utilize various other hosts. A considerable amount of (1R)-camphor is contained in the wood of the camphor laurel, Cinnamomum camphora (L.) Presl ("kusunoki" in Japanese). This large evergreen tree is found in the warm, humid southern parts of Japan and China (Makino, 1997) , but is not distributed naturally in the Ryukyu Islands (Hatsushima and Amano, 1994) ; therefore, the distributions of P. p. pryeri and C. camphora do not overlap. However, several related species belonging to Lauraceae grow in the Ryukyu Islands, such as C. pseudo-pedunculatum Hayata and P. thunbergii (S. & Z.) Kosterm. (Hatsushima and Amano, 1994) , while it is unknown whether these two plant species contain camphor like C. camphora. In SPME sampling and subsequent GC-MS analyses, camphor was detected in volatiles from the leaf and bark of both plants, although the amounts were fairly small and stereoisomerism was not determined (data not shown). Nevertheless, this indicates that P. p. pryeri may use camphor as a plant kairomone to locate feeding sites. P. p. pryeri and subspecies of the cupreous polished chafer P. p. nitidicosta Yawata (Sakai and Fujioka, 2007) have been observed to aggregate and feed at sap deposits of P. thunbergii (Fig. 4) , supporting the second hypothesis. In contrast, C. pseudo-pedunculatum has not been observed to aggregate cupreous polished chafers despite containing camphor, which might be explained by the lack of sap secretion by this plant species.
Camphor is a terpenoid with a strong, aromatic odor (Donkin, 1999) . It is believed to be toxic to insects and is thus sometimes used as a repellent.
In this paper, we demonstrated yet another function of camphor: an attractant for the cupreous polished chafer P. p. pryeri in field tests.
